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ABSTRACT

Export markets for fresh citrus have taken on increasing importance in the last
decade with more important increase in the Japanese market. Japan is one ofthe

largest import markets for U.S. fresh citrus. Fresh fruit plays a special role in
Japanese life, from both a cultural and economic point of view. The long-term
outlook for U.S. fresh fruit is for gradual, steady growth. Many factors have

helped the U.S. fresh citrus exports. The reasons are: 1)exports have benefitted
from the depreciation ofthe U.S. dollar since 1985; 2)rising world -wide incomes;
and 3)U.S. market promotion activities. The healthfulness offoods, and

particularly fresh foods, is becoming more important in Japan as it is in the United
States.

The purpose ofthis study was to examine the import demand for fresh citrus in

Japan and analyze the nature of price and expenditures linkages. The Almost Ideal
Demand System (AIDS)ofDeaton and Muellbauer(1980a, 1980b) was applied to
model the Japanese market from 1991- 1996.

The findings of study indicated that fresh grapefruit dominates the import
demand market for Japan, followed closely by fresh oranges. Fresh other citrus

types indicated relative small importance to the Japan market. Also results show
that price and quantity offresh citrus exports have had an important effect on
Japanese expenditures on imports offresh citrus. Analysis suggests that U.S.

IV

producers can effectively promote fresh citrus in Japan market and trade
negotiations between the U.S. and Japan can influence fresh citrus exports.
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CHAPTER I

INTRODUCTION

A significant portion of U.S. exports consist of agricultural products. Over the

past 11 years, Japan has grown to be the largest foreign market for U.S. processed
foods, due to the substantial appreciation ofthe yen, tariff reductions, the 1988
Beef- Citrus Agreement, and a GATT agreement that removed or expanded
quotas. Moreover, exports are expected to continue to grow because Japanese

food consumption trends continue to be marked by an openness to foreign
products, especially value-added convenience foods.

Japan is one ofthe largest single-country markets in the world for U.S.

agricultural exports. With Japan's large trade surplus with the United States, there
has been intense pressure for the Japanese to open their market to more

agricultural exports. A study by the congressional research service ofthe Library
of Congress concluded that the elimination of all Japanese agricultural import
restraints could increase U.S. sales by approximately one billion dollars(Lee,
Seale, and Jierwiriyapant, 1990).

The United States dominates Japan's fresh fhiit import market. However,the
United States is losing its competitiveness in the fresh citrus import market share;

accordingly, it is important to understand the competitiveness of U.S. fresh citrus
in Japan's citrus market.

Recent trade agreements between the United States and Japanese governments

have helped liberalize the imports of citrus, but U.S. citrus exporters still face

competition from other citrus-producing countries. An important aspect ofthis
research is to answer the question of whether increased fresh citrus imports will be
beneficial to the United States, both absolutely and relative to U.S. competitors in
the Japanese fresh citrus market.

OBJECTIVES

This study examines the import demand for fresh citrus by concentrating on the
Japan market with a theoretically consistent econometrics model.
The objective ofthis study were:

1. To produce a model capable of estimating the import demand for fresh
citrus in a manner consistent with the properties of economic theory.

2. Test the nature offresh citrus demand with respect to the properties of
demand theory.

3. Compute elasticity estimates from the estimated parameters.

4. Identify those factors, both price and trend, which have significantly affected
the structure of demand for fresh citrus.

CHAPTER II

OVERVIEW OF THE FRESH CITRUS INDUSTRY

A long history of citrus production activities can be found within both the

developed and developing parts ofthe world. One can find citrus products being
harvested primarily for local consumption with little to no organized market
structure. In contrast, one can turn to those countries were citrus production is a
major agricultural endeavor.
Citrus is consumed either as fresh fiuit or as some form of processed product.

The utilization depends on the type of citrus, variety, geographical production

region, and consumer preferences. Processing citrus also generates a number of

by-products used as food additives, cattle feeds, cosmetics, medicines, and so
forth. The utilization ofcitrus has evolved fi^om localized fresh use to highly

processed forms with juices entering the world markets. The supporting
institutional structures range from little to no regulation to direct governmental
involvement in trade.

Consumers generally view the citrus products as having several positive
characteristics including health attributes(Ward and Kilmer, 1989). This chapter

provides the overview ofthe fresh citrus industry emphasizing the two major types
offresh citrus in U.S. grapefruit and oranges as well as other fresh citrus types

(temples, mandarins, lemons and limes). The overview describes Japanese fresh
citrus market, factors affecting Japanese citrus markets and U.S. sales

opportunities, and government interventions in fresh citrus trade.

THE JAPANESE CITRUS MARKET

Japanese consumption of citrus is already at a relatively high level. The
Japanese are avid consumers ofthe domestically produced mandarin, mainly fresh
and to a much lesser extent in processed forms. Japan consumes more citrus (fresh

and processed) per capita than Hong Kong, Singapore, and Europe, but less than
the United States and Canada.

At the wholesale level, mandarins are consistently cheaper than imported

oranges except during the off-season. For other imported citrus not restricted by
quota, the retail price is about double the landed price (including tariff). For
oranges, the retail price is about triple the landed price (including the tariff).
Fresh fruit consumption per person in Japan, expanded rapidly during the

sixties, but has remained about the same since the early seventies. Consumption of

processed fruit products, however, has grown. Following the pattern ofother
developed countries, fruit consumption in Japan might shift toward less overall
consumption offresh fruit and more of processed fruit products, a development
that would tend to limit the import market for fresh oranges.

Japan's citrus production ranks third behind United States and Brazil. About
300,000 Japanese farm households produce mandarins, mandarin hybrids, navels,
and summer oranges.

Japan's citrus production grew rapidly in the late 1960's when a government

program, designed to correct a rice surplus problem, provided incentives for the
conversion ofriceland to the production of other crops including citrus. A few

years later, citrus producers faced their own surplus problem. The government

again intervened in the midseventies, but this time to offer producers incentives to
move out of citrus and into alternative crops.

Japan's citrus producers could probably do rather well even without
Government assistance. This is particularly evident in the comparison of wholesale

mandarin prices with landed orange prices. Over the past decade, the average

annual price of mandarins has been consistently below the average landed price of
fresh oranges.

The greatest volume of mandarins is marketed from October to May. During
these months, the wholesale price ofthe Japanese fruit is almost always below that

ofimported oranges. During the off-season, the wholesale price of mandarins rises

sharply. This is the time when imported oranges would be the most competitive.
But is also the time when many other local and imported fhiits are marketed in

Japan. The gap by mandarins from June to September is quickly filled by
comparably priced fruits like domestic peaches, pears, watermelon, summer
oranges, and imported bananas (Coyle, 1986).

The growth ofthe Japanese market is consistent with the fact that the U.S. is
the largest foreign supplier of agricultural products to Japan and accounts for
about one third ofthe total Japanese imports. Some ofthe reasons for the recent

increase in imports of agricultural products to Japan are;(1)evolution ofthe

Japanese diet toward more Western style foodstuffs as the Japanese per capita
incomes grow;(2)removal oftrade restrictions including reduction in the number

ofitems under quota restrictions, increase in the quota limits for remaining quota
items, lower tariffs and reduction in the number ofitems on import negative lists
for health reasons; and (3)increasing domestic prices of similar products.
According to Japan's Statistic Bureau, Management and Coordination Agency,

average monthly household expenditures increased from 112,000 yen in 1973 to
311,000 yen in 1990. During the same period average monthly household food

expenditures increased from 36 thousand to 79 thousand. Food expenditures
accounted for 31.9 and 25.4% ofthe total household expenditures in 1973 and

1990, respectively, a decrease of more than 5%. Average monthly fresh fruit
expenditures were 2,239 and 3,748, or 6.3 and 4.7% respectively. The

consumption levels of major fresh fruit in Japan do not cover all the fhiits
consumed in Japan. The expenditures on these six traditionally important fresh
fhiits account for 70 and 61% ofthe total fixiit expenditures in 1973 and 1990,

respectively. This is because consumption information on unreported fhiits, such
as fresh grapefruit, avocados, and other fresh fhiits, is not available. However, the
fruits are low.

Per capita grapefruit consumption was about 2 kg in 1989, which is low
compared to consumption levels of most fruit varieties. Annual household

consumption ofthese traditionally important fresh fruits decreased from 142 kg in
1973 to 69 kg in 1990, a more than 50% decrease in 18 years. In addition,
household consumption levels of each ofthe six fruits decreased. During the

period from 1973 through 1990, Mandarin orange consumption decreased 69%,

bananas 36%,lemons 26%, strawberries 18%, grapes 17%, and apples 4%. The

rapid decrease in Mandarin orange consumption may be explained by a production
adjustment program carried out by the government of Japan that derived orange

acreage to productions of other fruits such as naval oranges and kiwi fhiit, thus
reducing the supply of Mandarin oranges and increasing the prices.
The above household expenditure information indicates that fresh fruit

consumption has become less important in the Japanese diet, and that the decrease

in Mandarin orange consumption accounts for a major part ofthe decrease in fresh
fruit consumption (Jonq-Ying Lee, 1994).

Japan has a long history of citrus production; however, the varieties differ
considerably from those of most other producing nations. Japan is an importer of
fresh grapefruit, yet it continually faces a problem of surplus production of sweet
oranges and tangerines. Such surpluses have led to long-range production shifts
to alternative varieties. Japan is a large citrus producer with nearly 70 percent of

the product being sold fresh. Only a small fraction ofits citrus is exported.
The U.S. is the major supplier offresh oranges and fresh grapefhiit for

Japanese importers. According to the U.S. Department of Commerce, during the
decade from 1978 through 1987, 22% ofthe fresh oranges exported from the

U.S. went to Japan; however, these exports accounted for more than 99% of all

Japanese fresh orange imports. The U.S. exported 63% of other fresh citrus to
Japan. Japan's citrus production grew rapidly in the later 1960's when a
government program, designed to correct a rice surplus problem, provided

incentives for the conversion of riceland to the production of other crops including

citrus. A few years later, citrus producers faced their own surplus problem. The
Government again intervened in the midseventies, but this time to offer producers
incentives to move out of citrus and into alternative crops. Japan's citrus producers

could probably do rather well even without government assistance.
The competitiveness of Japanese citrus producers suggests that the import

potential for fresh oranges and citrus juice under free trade would be limited.
Research suggests that the free trade level offresh orange imports by Japan would
be in the range of 109,000-300,000 tons per year, and that for orange and

grapefruit juice would be 11/3 to 2 times current levels(Coyle, 1986).
Recently, Japan agreed to increase imports of orange juice concentrate from
8,500 metric tons in 1987 to 40,000 metric tons in 1991. Japan's citrus subsector

is characterized by many relatively small production units. In recent years, internal
resistance from agricultural producers in Japan has effectively countered external

pressures for immediate and full liberalization ofimports. Negotiations between
the United States and Japan on bilateral trade agreement loosen the pressures.

The agreement reached in April 1984 was for quota increases of 11,000 metric
tons per year for four years, which works out to an average annual rate of 13.4%.
The initial pressures from the United States for full and immediate liberalization

took over a year to come to grips with economic realities for reasonable positive
adjustment potentials(Kishimoto and Yamauchi, 1987).

Growth in U.S. exports offresh citrus to Japan can be attributed, in large part,
to removal ofJapan's import quota in 1971, the increase in Japan's per capita
income, devaluation ofthe dollar relative to the yen, and U.S. expenditures on

fresh citrus promotion. Promotion of U.S. citrus in Japan has also had an

important effect on import demand. The United States have varying control over
forces that affect their economic well-being in foreign markets.

Producers have virtually no ability to affect exchange rates, the price of

substitutes, income growth in importing countries, or U.S. FOB prices.

Conversely, several forces over which producers exercise varying control can
affect their economic welfare. In particular, promotion expenditures can have an

important and positive influence on import demand as was relaxation oftrade
restrictions by importing nations. (Lee, Seale, and Jierwiriyapant,1990)
Oranges are the second most valuable fruit crop in the U.S. Japan is a primary
market for the U.S. oranges, but involves little competition for market share since
the U.S. is virtually Japan's only supplier.

Citrus imports have come to the forefront ofthis debate. More than 50% of
the citrus farmers have groves ofless than 0.5 hectares. The major citrus crops

produced in Japan are oranges and lemons. A major part ofthe oranges produced
in Japan is tangerines. Most ofthe citrus produced in Japan is consumed fresh.
As incomes in Japan increased, consumers have moved away form eating those
fhiits which have been mainstay ofthe Japanese diet(satsuma mandarin, apples,

and pears), and now Japanese consumers favor less traditional fimit. The Japanese

view fresh citrus produced in the U.S. as sophisticated and quite different from

most ofthe citrus produced in Japan. With rapid economic growth and increasing

per capital income, the Japanese are eating more, and what they are eating has
more variety. Over the last 30 years, the traditional Japanese diet has change to
include more fruits as well as processed foods such as fruit beverages. This has

opened a sizable export market for the U.S., which is beginning to take advantage
ofthese new market opportunities (Fuller, Bello, and Capps, 1992).

Even though the government of Japan has agreed to open its markets for citrus
trade, U.S. citrus exporters still have to compete with other citrus-producing
countries. In Japan's fresh citrus import market, U.S. citrus accounted for more
than 90% of the market; therefore, the competition may come from the imports of
other fresh fruit, such as bananas and pineapples. Japanese consumption of citrus

is already at a relatively high level. The Japanese are avid consumers ofthe

domestically produced mandarin, mainly fresh and to a much lesser extent in

processed forms. Japan consumes more citrus (fresh and processed) per capita
than Hong Kong, Singapore, and Europe, but less than the United States and
Canada.

Comparing the retail prices ofimported oranges and domestic mandarins gives
some clues about the Japanese market and what might be expected with
liberalization. At the wholesale level, mandarins are consistently cheaper than

imported oranges except during the off-season. Free entry for oranges would no
doubt lead to reduced marketing margins as more importers, wholesalers, and
10

retailers participate in the market(Coyle, 1986).

Problems in the Japan Citrus Industry

The biggest problem in the citrus industry in Japan is the overproduction of
satsuma mandarin. Rapid conversion from satsuma to Amanastu, Hassaku,

lyokan, and other citrus has occurred, and satsuma hectarage has been decreasing
since 1973. However, annual production remains high, ranging from 2,800,000 to
3,6000,000 million tons.

Formerly, nearly 90% ofthe production was shipped to the fresh market, but
the market price dropped sharply due to the oversupply. Then the government

helped agricultural co-operatives to finance juice factories as an outlet for excess
fresh fruit. As a result, processing ofsatsuma has increased greatly, especially in

years of heavy production. In 1979, 1,299,500 million tons(equivalent to 35.9%

ofthe production) were processed. Satsuma mandarins are processed for canning
sections and juice. In recent years, 200,000 - 300,000 million tons have been
canned and the rest used for juice. Juice consumption, however, has not increased
as much as the supply; thus, the surplus stock ofjuice has become a severe

problem. In 1983, 34,200 million tons(one - fifth concentrated) were carried over
from the previous year; 49,800 million were extracted during the 1982 - 1983

season; and 6,000 million tons were imposed (orange juice). Ofthis total supply,
about 55,800 million tons were consumed and 34,200 tons were carried over to
the next year.
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Trade Liberalization

Although Japan is the third largest citrus-producing country in the world, it still
imports large amounts of citrus fruits. Imports oflemons, grapefruit, and lemon
juice into Japan were liberalized in 1964, 1969, and 1971 respectively. Since then

imports have increased greatly. In 1982, 119,554 million tons oflemons and limes
(98.8% from the United States) and 177,289 million tons of grapefruit(94.0%
from the United States, 3.5% from Israel, and 2.4% from Cuba) were imported.

Importation of oranges, orange juice, and grapefhrit juice, however, is under a
licensing system operated by the government. The allowable imports for 1987 will
be as follows; oranges 126,000 million tons, and orange juice 8,500 million tons

(one - fifth concentrated), and grapefhrit juice restrictions will be lessened in 1986.
Recently, the trade balance between Japan and the United States has been
heavily in Japan's favor. Hence, the U.S. government is seeking to liberalize

importation of oranges and juice. If orange quotas were liberalized, imports of
California oranges would greatly increase and adversely affect the demand for
domestic late-season citrus fruits such as Amanatsu, Hassaku, and lyokan, which

has been increasing because of conversion from satsuma mandarin. California
oranges also might compete with Florida grapefruit in the Japanese market. If

juice quotas were liberalized, Brazilian juice would destroy the Japanese citrus

juice industry because satsuma juice is lower in quality than orange juice and its
cost of production is much higher in Japan(Kitagawa and Kawada, 1983).
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International Trade of U.S. Fresh Citrus

Exports offresh U.S. citrus continue to increase in importance to the U.S.

citrus industiy. In 1966-67, 21.7% of all fresh U.S. orange were exported. In
1976-1977, 10.9 million boxes offresh oranges were exported; this accounted for

28% of all U.S. oranges used for fresh supply. Canada has been the major
importer, receiving 44% ofthe exported U.S. oranges.

Fresh grapefruit exports have more than doubled over the last decade. This

growth can be directly attributed to changes in Japanese import policies on fresh
grapefruit. In 1976-77, approximately 7.1 million boxes offresh grapefruit were

exported, and 54% ofthese were shipped to Japan. In contrast, Canada accounted
for over 80% ofthe U.S. grapefruit exported, and 54% ofthese were shipped to

Japan. In contrast, Canada accounted for over 80% ofthe U.S. grapefruit
exported in 1970-71, when the Japanese market was not an available outlet to the
grapefruit producers. While total grapefruit exports have continued to increase,

export quantities to the Canadian market have trended downward over the last
decade.

Ward projected future demand for grapefruit exports and concluded that the

Japanese market is absolutely essential for the long run growth ofthe U.S. fresh
grapefhiit industry. Japan is shown to have a highly elastic demand, while the U.S.
demand is inelastic. Differential pricing between the domestic and Japanese
market can be shown to lead to reallocation, with more exports moving to Japan

(Lee and Fairchild, 1988).
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OfFlorida's production, less than five percent ofthe fresh oranges are

exported, while nearly 28% ofthe fresh grapefiniit are exported. In the 1975-76
season. Florida accounted for only 7.1% of all fresh oranges exported, in

comparison to 58.8% ofthe fresh grapefhait. California have 17% and 23% ofthe
fresh grapefruit market. All other

producing regions combined exported 20.7% oftheir fresh oranges and 32% of
their fresh grapefhiit in 1975-76(Lee and Fairchild, 1988).

Government Intervention and U.S. Sales Opportunities

Japan is one the largest single-country markets in the world for U.S.

agricultural exports. With Japan's large trade surplus with the United States, there
has been intense pressure for the Japanese to open their market to more

agricultural exports. A study by the congressional research service ofthe Library
of Congress concluded that the elimination of all Japanese agricultural import
restraints could increase U.S. sales by approximately one billion dollars.

Even within Japan, there is some support to liberalize the trade in its

agricultural sector. The Japanese industrial sector argues that Japan's future
depends on their sector; therefore, the protection of agriculture is too heavy a

price to pay because protectionism creates resentment against industrial products
abroad. Accordingly, protection of agriculture should be replaced with a

competitive market system regardless ofthe politics of socioeconomic concerns.
Citrus imports have come to the forefi-ont ofthis debate. Recently, Japan
14

agreed to increase imports of orange juice concentrate from 8,500 metric tons in
1987 to 40,000 metric tons in 1991. By April 1, 1992, all quota restrictions of

orange juice imports into Japan will be removed, leaving the current tariff of25 to
35%(depending on sugar content)in place(Lee, Seale, and Jierwiriyapant, 1990).

Generic Promotion Programs for Florida Citrus

The Florida citrus industry has been involved in export promotion programs for

more than 20 years. During the 1960s and 1970s, interest in export promotion

programs was stimulated by the prospect ofincreasing levels ofFlorida citrus
production and a relatively mature U.S. market for citrus products. The industry's
export promotion programs have been administered under the auspices ofthe

Florida Department of Citrus(FDOC). During the past 25 years, the FDOC has
maintained promotion programs for fresh grapefhiit, grapefhiit juice, and orange

juice in Europe and Japan; all types of citrus products in Canada; and recently
grapefhiit products in the Pacific Rim.

Florida has promoted fresh grapefhiit exports since the early 1970s. In recent

years, promotional activity has increased with support from Targeted Export
Assistance(TEA)funds. Fresh grapefhiit accounts for the largest portion of
FDOC export promotion expenditures. In 1988-89, fresh grapefhiit export

promotion expenditures accounted for more than 80 percent ofthe FDOC's $11.9
million export promotion expenditures.

15

The importance offresh grapefruit in FDOC export promotion activities stems
from the growing importance offresh grapefruit exports. The value ofFlorida

fresh grapefruit exports account for more than half ofthe value of all Florida citrus
product exports. During the 1988-89 season, Florida fresh grapefruit exports
totaled a record 27 million 42.5 lb. cartons and accounted for 58 percent oftotal

Florida fresh grapefruit shipments. Since 1985-86, fresh grapefruit exports have
increased by 88 percent.

The growth in export demand for fresh Florida grapefruit has likely been
influenced by an number offactors, including export promotion activities. Other
factors, such as the export price offresh grapefhiit, income, and population ofthe

importing country, are also likely to be influencing export activity. Fluctuations of
exchange rates in the international currency exchange markets may also be a
significant factor(Lee, Behr, Brown and Fairchild, 1990).
One concern of agricultural trade negotiations between the United States and

Japan, which has been the Japanese imports of oranges. Japan's arguments for
protection have been based on the fact that production of domestic Mandarin
oranges has declined over the past decade while orange imports has risen. Current
tariffs range from between 20 to 40 percent ofthe wholesale price depending on
the time of year. It is argued that further removal trade barriers will cause
Mandarin orange production to decline even more.

The orange market in Japan is made up ofthree distinctly different types of
oranges. The most popular is the domestically produced Mandarin orange,
16

harvested primarily between October and March. There are several other varieties
of domestic oranges Hassaku, lyo. Summer and Sweet Summer oranges,

commonly late season oranges which are primarily harvested from January to June.
Late season oranges have similar characteristics and are more like the oranges

produced in the United States than Mandarin oranges. Navel and Valencia
oranges comprise the bulk ofthe oranges imported into Japan, coming mostly from
the United States, and are imported year round, with slightly more than 50 percent
imported during June and July.

Shipments of Mandarin and imported oranges vary greatly, depending on the
season. The bulk of Mandarin oranges (almost 97 percent over the past three

years) are shipped during October to March, when less than 19 percent of
imported oranges are shipped. Over half(52 percent) of all imported oranges are
imported during June and July, when less than one percent of Mandarin oranges
are shipped. An examination of monthly shipments of Mandarin and imported
oranges suggests that, for the most part, imported oranges are not a threat to
Mandarin oranges because they are marketed at different times during the year

and, therefore, do not directly compete with each other(Baker and Mori, 1985).

U S. - Japan Beef and Citrus Agreement

Japan's import quotas for beef and oranges were eliminated on April 1, 1991.

Imports of oranges will be restricted by the current tariff which is 40 percent in
season and 20 percent off season.
17

These changes are prescribed in the U.S. - Japan Beef and Citrus Agreement,
which the two countries signed July 5, 1988. In addition, the agreement as of

April 1, 1991, Japan will eliminate its quota on orange juice concentrate by April
1, 1992. Quota restrictions on imports of single-strength orange juice and orange

juice mixtures were technically removed April 1, 1991, but the import allocation
system (licensing) will not be terminated until April 1992.
When the Japanese market is completely liberalized, U.S. orange exports are

expected to exceed $100 million per year, and orange juice exports are expected to
exceed $20 million per year. Before the agreement, U.S. orange exports were $79
million and U.S. orange juice exports at $2.7 million.

Quotas on beef and citrus have been a source oftrade friction between the
United States and Japan since the early 1960s. Japan originally restricted imports
of beef and citrus for balance of payments reasons. However, Japan lost its

balance of payments justification under the GATT in 1963. Since that time, Japan
restricted imports to protect its domestic beef and citrus producers(Lynn,
Klusaritz and Washington, 1991).

The Future T.nnks Bright for U S Horticultural Trade

Japan is the single largest overseas market for U.S. horticultural products and
the leading export destination for fresh citrus, frozen vegetables and fruits and

vegetable juices. U.S. horticultural exports to Japan surpassed $1 billion in 1991.
Japan is already the largest market for U.S. citrus. In 1991, Japan accounted
18

for $332 million of U.S. citrus exports, an increase of25 percent from 1990.

Orange exports to Japan will enjoy improved potential due to liberalization of
Japan's orange market.

"The trend ofgrowing U.S. horticultural exports is expected to continue during
the next five years," according to Frank J. Piason, director ofFAS Horticultural
and Tropical Products Division. He said some ofthe reasons include;
1. Consistent availability of high-quality U.S. horticultural products.

2. Aggressive U.S. marketing efforts, improvements in technology and

transportation and a growing acceptance ofthe importance of exports by the U.S.
agricultural industry.

3. Reduced import restrictions in several markets that should continue to benefit
many horticultural producers.

4. Improved access for many products into Mexico and expected further
improvements arising from a North American Free-Trade Agreement.
5. Increased affluence in many countries, especially in the Pacific Rim.
6. Liberalized imports into Japan offresh citrus and citrus juices.

7. Continued improved access in the Canadian market from tariff phase-outs
mandated by the U.S. Canada Free Trade Agreement.

8. Also, the growing trend for more healthy foods by the world's consumers
should increase U.S. exports offresh horticultural products, especially to
developed countries.
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U.S. grapefruit exports to Japan have been a major success story. From 1985
to 1991, U.S. grapefhiit exports increased by 135 percent. Roughly half of U.S.
grapefhiit exports, three-fourths oflemon exports and one third of orange exports
go to Japan. U.S. grapefhiit, lemons and oranges account for more than 96
percent of Japan's total citrus imports.
The healthflilness offoods, and particularly fresh foods, is becoming more

important in Japan,just as it is in the United States. The gift market is another
important niche for sales of U.S. horticultural products. In 1990, the Japanese

gave over $75 billion in gifts, and a significant portion is food, including fresh
fhiits and vegetables and fresh cut flowers(Broekins, Goldsbrough, Cox and
Duemling, 1992).
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CHAPTER m

LITERATURE REVIEW

Research dealing with demand estimation is extensive in economics. The
literature relevant to this study is reviewed in three sections. The first segment deals
with literature in the analysis of citrus demand. The second segment considers

empirical models as applied to demand estimation and import demand. The final
section then reviews the literature on the Almost Ideal Demand System model.
The literature on the demand for citrus extends to both the export and domestic
market. Citrus is consumed either as fi^esh fiuit or as some form processed product.

The utilization depends on the type ofcitrus, variety, geographical production region,
and consumer preferences. Processing citrus also generates a number of by-products
used as food additives, cattle feeds, cosmetics, medicines, and so forth. Today most

processed citrus is marketed as frozen concentrated orange juice, canned single
strength juice, and chilled single strength juice. Both the economic and marketing

research are an integral part ofthe citrus industry. These research programs have the
specific mandates to develop an understanding ofthe responsiveness of consumers to
economic factors and to analyze the demographics and preference of consumers.

A 1978 study by Ward and Tang estimated demands for U.S. fi^esh grapefiorit in
Canada, Japan and the aggregate of the European Economic Community. Their
model included imports ofU.S. fi^esh grapefruit per quarter as the dependent variable
and FOB price in the United States, per capita GNP of the importing country,
seasonal dummies and time trend as exogenous variable. In the EEC equation, Israeli
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grapefruit price was included as an independent variable since historically Israel
maintained a strong presence in the European market, and the Israeli grapefruit was
viewed as a substitute for the U.S. product. Estimated own-price elasticities for the

Canadian, Japanese and European demands were -1.25, -3.57 and -0.34, respectively,
while the income elasticities for these respective regions were estimated to be 5.24,

9.39 and -4.34. Neither the price variable nor the income variable was statistically

significant in the EEC equation: however, Israeli grapefhiit prices were significant
with a one percent increase in Israeli fmit price increasing U.S. exports to the EEC

by 4.55 percent. Because fixed exchange rates were generally in effect before 1974,
Ward and Tang did not include this variable in their analysis.
To examine the influence ofexchange rates on import demands for U.S. grapefhait.
Lee and Fairchild contrast import demand equations which include the U.S. FOB

price in U.S. dollars with estimates that include the U.S. FOB price in the currency
of the importing country. They showed the associated price elasticities differ
substantially, and they argued the need to incorporate the influence of exchange rates
on import demands.

Ward and Tilley in 1980 estimated the retail price elasticities for processed orange

products. Their results showed chilled orange juice is substitutable for concentrate,
but that statistically, concentrate is not substitutable for chilled juice. This difference

in substitutability is partially related to the willingness of consumers to substitute
convenience for storability. Estimates of income elasticities from time series data

were questionable, since processed citrus consumption had increased over time, and
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only part of the increase was do to income. Tilley's (1979) estimates of income
elasticities were shown to be positive and significant for several citrus products. A
cross sectional time series study by Ward and Davis (1978) showed a significant

positive response between adjacent income groups.

More recently, in 1990 Aviphant, Lee and Seale examined U.S. citrus demands in
Japan by using the absolute version of the Rotterdam model. They found a one
percent increase in the fi^esh grapefhiit import price (Japanese currency) would
decrease imports ofall fi"esh grapefiaiit 1.42 percent. Further, bananas and pineapples
were found to substitute for fresh US grapefhiit. Finally, Japan's expenditure

elasticity for fresh grapefruit was estimated to be 0.85.

Lee, Brown and Seale in 1992 considered an application of the differential

approach to Canadian fresh fhiit and juice demand for the time period from 1960
through 1987. Results showed that if Canadian consumers were to allocate larger
portions of their budget to the consumption of fresh fruit and juices, expenditure
shares on oranges and apples would increase, with fresh oranges benefitting the most.

Over the period, the average conditional expenditure shares for the period were 0.17,
0.04,0.22, 0.27, 0.09, and 0.09 for oranges, grapefiaiit, apples, bananas, orange juice,
apple juice, and tomato juice, respectively. Furthermore, results showed that oranges

and grapefhiit are substitutes for apples; therefore, an increase in the price offresh
apples would increase the consumption of citrus; thus increasing citrus imports.
The results indicated that if Canadian consumers were to allocate larger portions

of their budgets to the consumption of fresh fhiit and juices, expenditure shares on
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oranges, apples, orange juice, and apple juice would increase, with apple juice
benefitting the most. Furthermore, the results indicated that the own-price elasticities

for apples and for apple juice are smaller than unity; hence, provided the conditional
elasticity estimates are similar in magnitude to the corresponding unconditional
elasticities, an increase in price through supply management (either by restricting

production, imports, or both) would increase revenue to the Canadian apple industry.
The results also indicated that oranges and grapefruit are substitutes for apples;

therefore, an increase in the price offresh apples would increase the consumption of
citrus, thus increasing citrus imports.

EMPIRICAL MODELS IN DEMAND ESTIMATION

The choice of which particular model to use in estimating a function is becoming
increasingly difficult due to the already large number of models existing. The true
functional form a given relationship exhibits is impossible to specify, and the
researcher must therefore select the most appropriate model based upon the objectives
in the research (Griffin, Montgomeiy, and Rister, 1984).

Sarris(1981)identified many ofthe empirical models used to estimate trade flows.
Sarris considers primarily spatial models and market share models used in identifying
microeconomic relationships in international trade. Griffin, Montgomery, and Rister

(1984) presented a criterion for selecting a functional form in production analysis, and
also identified the properties ofeighteen analysis, and also identified the properties of

eighteen different functions used in both production and consumption analysis.
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Johnson, Hassan, and Green (1984) applied many ofthe demand systems models to
Canadian consumption data. The systems approach to demand estimation has also
been explored by Theil (1975, 1980,1981) and Deaton and Muellbauer (1980a,
1980b).

An important specification issue in agricultural trade research is the treatment of
exchange rates in trade equations. The potential effect ofexchange rates on trade was
outlined by Schuh. Fletcher, Just, and Schmitz argued that a change in the U.S.
exchange rate affects a change in the foreign price of most U.S. commodities that are
internationally traded, while a change in the price of a U.S. agricultural product

implies only a change in its price in the foreign market. Chambers and Just argued for
the inclusion of exchange rate as a separate regressor to assess its direct impact on

exports while holding constant the impacts ofother variables. Further, Chambers and
Just noted that empirical studies that simply use own-price, adjusted by the exchange

rate may have a downward bias on estimates of exchange rate impacts as well as an
associated upward bias on own-price elasticity estimates and income estimates.
A 1978 study by Ward and Tang estimated demands for U.S. fi^esh grape fruit in
Canada, Japan, and the aggregate of the European Economic Community. They
showed that the associated price elasticities differ substantially, and they argued the

need to incorporate the influence of exchange rates on import demands.
Deaton and Muellbauer's Almost Ideal Demand System (ADDS) is a possible

alternative to the translog function. The model begins with a specification of a cost

fimction rather than a utility or production function (Deaton and Muellbauer, 1980b).
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The functional form of the model is consistent with economic theory and has been

applied to a variety of demand estimation applications.
Lee, Brown, and Seale in 1970-1989 used expenditure data to study how income

and prices influenced consumer demand in Taiwan during the last decade. Alternative
differential models combining the features of the Rotterdam model and the Almost

Ideal Demand System (AIDS) were tested. AIDs type demand responses describe
Taiwanese consumer behavior better than to do the other specifications.

They

examined how income and prices influenced Taiwanese consumer demand including
food during the last two decades, and particularly how demand elasticities have
evolved over time. Four versions of the differential demand system examined by

Barten (1993) the Rotterdam: a differential version of the AIDS; and two mixed
models,the CBS system and NBR system with features of both Rotterdam and AIDS
systems were fit to the data.

A general model which nests these four was developed to help choose the model
which best fits the data. Finally, they discussed the behavior of Taiwanese demand
elasticities over time. Basic information on twelve commodity groups were available,

but because there were no detailed price indices for all twelve commodity groups, the
commodities were aggregated into seven; food , clothing, housing, education,

medical, transportation, and miscellaneous. Since the four competing system and the

general system automatically satisfy the adding-up conditions, only six equations were
estimated for the seven-good systems. Homogeneity, symmetry, and first-order

autocorrelation(Bemdt and Savin) were imposed, and the models were estimated by
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the maximum likelihood method. Although income and price elasticities varied over

time, demand studies frequently focus on elasticities calculated at sample means.
Some studies have examined demand parameters over time (Flood, Finke, and

Theil: Seale and Theil). For example, using Japanese time series data from 1951

through 1972, Flood, Finke and Theil showed that the behavior of the income
elasticity estimate for food is quite different under translog and Working models. The

translog model indicates that the income elasticity for food increased from about 0.4
to more than 0.7 over the time period studied, whereas the Working model yielded

an almost equally large decline. Elasticities implied by the Working model seem
more satisfactory. Income elasticity estimates from the Rotterdam and NBR were
similar in size and trend, while those from the AIDS and CBS are likewise similar.

Over the sample period, the income elasticity estimates for food demand based on
the Rotterdam and the NBR increased from about 0.9 to about 1.3, while those based

on the AIDS and CBS were always less than one and decreased slightly. Decreasing
income elasticities of demand for food when income increases is consistent with

economic expectations, making the findings based on the Rotterdam and NBR

questionable. In the study ofTaiwanese expenditure data, higher-order comparisons
with the general model led to selecting the AIDS over the other systems. The result

suggested that AIDS-type income and price responses better explain Taiwanese
expenditure behavior than do the other models.
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STUDIES USING THE AIDS SPECIFICATION

The Almost Ideal Demand System (AIDS) was developed by Deaton and
Muellbauer in 1980 and was applied to British postwar data. In the results the

properties ofdemand theory(homogeneity, synunetry, and concavity ofthe function)
were to be rejected in most cases. This result, however, is not new within the
literature(Barten, 1969; Laiten, 1978; Bera, Byron, and Jarque, 1981), since factors
such as price expectations and time trend variables were omitted in the estimation

(Deaton and Muellbauer, 1980a). The model has since been used in other studies and
a few of these studies are described below.

Blanciforti and Green (1983) estimated the AIDS model for U.S. postwar

consumption data and incorporated a lagged dependent variable in the estimation.
They found homogeneity to be rejected in half ofthe equations, but concluded that
the addition ofa dynamic element into the estimation added significantly to the overall
results.

Winters (1984) used the AIDS model to estimate the import allocation of
consumer goods in the United Kingdom. Winters compared the AIDS model to the

Armington model and found that the assumptions of homotheticity and mutual
separability ofdemands for different imports to be overly restrictive in the Armington
model. Winters observes that the generality and tractability ofthe AIDS model offer

promising results in its use in analysis and hypothesis testing.
In the context of consumer demand. Bales and Unnevhr (1988) used a firstdifference form of the AIDS model to estimate the demand for beef and chicken.
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Their procedure was to first estimate demand with aggregate chicken, beef, and pork
and then estimate a second demand system using disaggregated chicken (whole birds,

processed parts) and disaggregated beef(hamburger, and table cuts). Their analysis
included a test for structural change in demand. The test for structural change

involved allowing an intercept term in the first difference model, and this intercept
then represented the exogenous change in demand. Their findings indicated that
through the intercept term, evidence existed that exogenous change in demand for
processed chicken parts. Another interesting finding was that for aggregate
commodities the ATOS model derived elasticities which became less price elastic as

expenditures grew, and that for disaggregated commodities, the sign ofthe elasticities
carmot be specified a priori.

Deaton and Muellbauer(1980) derived the LA/ADDS from the PIGLOG class of

preferences, which permits perfect aggregation over consumers and results in
representative demand functions that are correctly estimated by using market-level
data. However, the perfectly elastic supply assumption is maintained (Deaton and
Muellbauer 1980, 313). Attfield (1985) examines the endogeneity of total

expenditures by using Deaton and Muellbauer's almost ideal demand system (AIDS)
specification data. Attfield finds that the rejection of homogeneity may be
reinterpreted as the rejection of exogeneity of expenditures when homogeneity is
assumed to be part ofthe maintained hypothesis.

Chalfant (1987), after estimating a globally flexible version ofthe LA/AIDS for
meat demand in the United States, adds the caveat that the endogeneity of prices may

29

be remedied by using three-stage least squares(3SLS)ifa simultaneous equations bias

is suspected. Philips (1983) stated that the observed prices are the result of the
equalization ofsupply and demand and that the data for estimating demand functions
have been simultaneously affected by supply. Philips further stated that a
simultaneous model should be constmcted but then justified not pursuing the problem
further because, in practice, simultaneity is ignored.

Tiflfen and Aguiar in 1995 presented the results from estimating an Almost Ideal

Demand System for fresh fhiit in Portugal. A complete matrix of price and

expenditure elasticities of demand for apples, pears, oranges, peaches, cherries and

plums were reported. A Bayesian approach were used to impose curvature and
montonicity restrictions in the model. Linear restrictions were used to impose adding
up, homogeneity and symmetry, respectively. Violation ofcurvature restrictions were
reflected in a matrix of elasticities of substitution between goods that were not

negative semi-definite and own-price elasticities that were the wrong sign. A

Bayesian approach was used here to impose the inequality restrictions required for
concavity. This approach was first developed by O'Hagan (1973), and Davis(1978)
and then further developed by Geweke(1986, 1988, 1989).

TiflRn and Moxey(1992)provided further details on the procedure employed here.
The results indicated that the questionable quality ofthe data and the complexity of
the restrictions combine to make it unlikely that the concavity restrictions would be

satisfied by chance. It was felt that the opportunities for developing this particular
work are,for present, limited by the nature ofthe data set. For example, attempts to
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model the temporal dimension ofthe data generating process were limited by length
oftime series that was available. With regard to the Bayesian approach, future work

should be focus on in improving the convergence of the estimator by using more
efficient methods of Monte-Carlo simulation.
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CHAPTER IV

THEORY AND METHODOLOGY

When the researcher is concerned with a single commodity or a group of
related commodities in relation to a single country or a group oftrading partners, a
more microeconomic framework is desired to capture the market and pricing
mechanisms.

Using demand systems with more solid micro foundations provides a rationale
for choice and testing that has not been available for the ad hoc functions typical of

applied work in food and agricultural demand analysis. Many such models have
been developed and the choice of the functional form is dependent on the goals of
the researcher Sards(1981)provides a summary ofthe basic models utilized in the

trade of agricultural commodities, concentrating on the analysis oftrade flows.

Import demand models for disaggregated commodities can be regarded as a
method for estimating a microeconomic relationship in international trade. These
models are often viewed as extension in consumer demand, and utilized such

accepted models as the translog and Rotterdam models to analyze the economic
relationships involved in import demand.
Another method available for estimating import demand is through the Almost

Ideal Demand System. The AIDS model is similar to the translog and Rotterdam
models, and can be used to differentiate between the different sources ofimports
similar to the Armington model. The model is grounded in a well-structured

analytical framework, accommodates certain types of aggregation, is apparently
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easy to estimate, and permits testing ofthe standard restrictions of classical
demand theory. Although the model is intrinsically nonlinear, the linearized
version of AIDS(LAIDS)using the Stone share weighted price index is widely

used to simplify the estimation process. The AIDS model derives a system of

equations in which the expenditures on a nonseparable group ofgoods, such as
citrus, can be broken down into its budget shares. The remainder ofthis chapter
includes a review ofthe basic properties of demand functions, derivation ofthe
AIDS demand function, and a presentation ofthe methodology used in the
estimation of Japanese demand for U.S. citrus.

THEORY

The broad notion ofdemand theory can be broken down into its various

subdisciplines. Consumer demand is based on utility maximization. The objective
ofthe individual consumer is to maximize the desired objective, and this is

normally accomplished through the first and second-order conditions for
maximization. This section is to present a review ofthe conunon element existing
in consumer demand and the demand function.

There are two basic types of demand functions;
Marshallian demand functions and Hicksian demand functions;
Marshallian demand function can be denoted as;

qi = gi(x;p)

where the quantity demanded ofgood I(qi) is a function ofincome(x)and (p)a
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vector of prices.

In either case the optimal choice of qi is the problem at hand. In terms of
consumer choice, the original objective is to maximize utility. The new dual

problem then has utility fixed and can thus describe how the quantity demanded
changes in response to changes in prices only. This type of demand function is
known as a Hicksian or compensated demand function and is denoted by:

qi=hi(u,p)

(2)

where the quantity demanded ofgood I(qi) is a funtion of a given utility level(u)
and a price vector (p). The Hicksian demand function is a restatement ofthe
Marshallian demand function, and both functions have four general properties.

Property (1): Homogeneity: The Hicksian demand function is homogeneous of
degree zero in prices, and the Marshallian demand function is homogeneous of
degree zero in prices and expenditures. That is, an equal proportional change in
price and income will leave commodity demands unaffected. For each demand
function, there is therefore one redundant elasticity, and for n functions there are n
redundant elasticities.

Property(2): Adding-up: The adding-up property ofdemand functions states that
the total value ofdemand be equal to total expenditure.

Property (3): Symmetry: The cross price derivatives ofthe Hicksian demand
fimctions are symmetric, i.e.,

ahifu.p'i = ahiCu-Pl
3pj 0pi
(3)
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Property (4): Negativity: Negativity states that an increase in the price of a good,
with utility or output constant, must cause the demand for that good to fall or
remain unchanged.

The symmetry property asserts that the effect of a price change in good j on the
demand for good I is identical to the effect of a price change in good I on the
demand for good j.

The negativity property places a series ofrestrictions on the matrix ofthe

compensated price responses. In the Hicksian demand function the cross price
effect (sij) can be denoted by:

0hi/3pj = sij

(4)

With respect to the Marshallian demand function the compensated price effect is
denoted as:

sij = 0qi/8x qj + 0gi/0pj (the slutsky equation)

(5)

The compensated cross price effects form a matrix which is denoted by S. The

negativity property requires the elements sij to be negative, which is the "law of
demand," in that compensated demand functions can never slope upwards.
The S matrix also serves to define goods as economic complements or

substitutes. Goods are complements ifthe sij element is negative, and substitutes if
the sij element is positive.

Transforming the Hicksian demand function into a Marshallian demand function

allows symmetry and negativity to become testable, since the elements ofthe S
matrix are unaffected by the transformation. Empirically, models such as the
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Rotterdam or AIDS are designed to test or impose all four properties of demand

theory, and these models have been used extensively in consumer demand (Theil,
1980; Theil, 1981; Deaton and Muellbauer, 1980b).
The solution ofthe demand function requires substitution into a cost function.
In terms ofthe Hicksian demand function, the cost function is defined as:

X =ZPkhk(u,p)= c(u,p)

(6)

The solution ofthe cost function yields the minimum cost of obtaining u, at prices

p, in terms ofthe outlay, x, and this is the starting point for the AIDS demand
function. The AIDS model begins through a specification of a cost function
because the cost function describes the minimum cost of producing a given output,

at the specified prices. The functional form for the cost function is derived by
formulating a function which satisfies five properties(Deaton and Muellbauer,
1980b).

Property(1): The cost function is homogeneous of degree one in prices

Property(2): The cost function is increasing in output, nondecreasing in prices,
and increasing in at least one price.

Property (3): The cost function is concave in prices.

Property (4): The cost function is continuous in prices.

Property (5): The partial derivatives(where they exist) ofthe cost function with
respect to prices are the Hicksian demand functions, i.e.,

0c(u,p)/3pi = hi(u,p)= qi (shephard's lemma)

(7)

Deaton and Muellbauer then construct a cost function which satisfies these five
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properties and establish the basis for the AIDS model. In this light, application of
the AIDS model to export demand for an industry is made through a cost function
for the industry as a whole.

The AIDS model represents the second stage of a two stage decision model.
The first stage determines the broad allocation and can be denoted as:

X,= fg(X,P*)

(8)

where Xg is expenditure on group g(citrus), X is total expenditures on all goods,
and P* a vector of price indices ofthe various groups(Winters, 1984).

The implication ofthe first stage is that an industry determines its expenditures
on each citrus group based upon its total expenditures and on aggregate price
indexes. Weak separability between goods is a necessary condition for this

specification ofthe first stage. The weak separability assumption imposes three
restrictions on behavior. First, the marginal rate of substitution between two

goods fi^om the same group is invariant with respect to the consumption ofgoods
in other groups. That is, the marginal rate of substitution between fresh oranges
and fi-esh grapefruits is independent ofthe consumption of, for example, orange

juice and grapefhiit juice. Second, the substitution effect between goods in
different groups is limited to a group expenditure effect. The price change of a
commodity in one group affects demand for a commodity in another group only
through the group expenditure effect. Third, price and income effects between
commodities are equal. No matter what factor causes changes in the expenditures

for a group, the effect on quantity demanded is the same, i.e. 3pi/0pj = 3pi/3x,
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with utility constant(Winters, 1984).
Derivation ofthe AIDS Demand Function

The AIDS model is derived from the generalized Gorman Polar Cost
(expenditure)function

In m(U,p)= In a(p)+ Uln b(p)

(9)

The generalized Gorman Polar form allows for nonlinear Engel curves without
imposing the restriction of homothecity on the results(Deaton and Muellbauer,

1980). The AIDS model therefore does not impose linear preferences but it is
linear in its variables thereby avoiding the need for nonlinear estimation (Blundell
and Ray, 1984).

The functional forms for In a(p) an In b(p) define the AIDS cost function in a
flexible functional form. The use ofthe flexible functional form is to approximate

the cost function with enough parameters so that the approximation is a reasonable
estimate to whatever the true function may be (Deaton and Muellbauer, 1980b).

This way the AIDS model provides a first-order approximation to any demand
system. Deaton and Muellbauer take:

In a(p)= Lctilnpi +l/2XLYijlnPi Inpj
lnb(p)= PoHpi^'

(1®)
(11)

so that the AIDS cost function is then:

In m(U,p)= tto + ^alnpi + '/zX^XVijlnPi InPj + UP^IIpi P'

(12)

where ai,Pi ,Yij are parameters pj is the price ofgood I and pj is the price ofgood j.
The demand functions are derived directly from the AIDS cost function based
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on the property that the price derivatives ofthe cost function are the quantities
demanded, i.e.

5m(U,p)/0Pi =c[i and multiplying both sides by p;/m(U,p) yields:

ain m(U,p)/01npi = p; q/m(U,p)= W;

(13)

where W; is the budget share ofgood I.

Logarithmic differentiation ofthe cost function gives budget shares as equation

four a function of prices (p; and pj) aggregate expenditures(m), based on the
identity in equation five.

ain m//ainpi = Wj= «;+

"'"Pi UPoHpi

(14)

by imposing symmetry(Yij =Yji)the logarithmic differentiation then reduces to:
ain m//ainpj = W;= a;+LYijl"Pj+UPonPi

(15)

The last step is to express U (utility) in terms ofthe indirect utility function:
U =f(p,m)

where utility is a function of prices(p)and total expenditures(m). The AIDS cost

function is re-specified in terms ofthe indirect utility function and substituted into
the budget share equation. This yields:

ain nV/ainpi = W;= «;+ZYijl"Pj +Pi(In m -

-

J^ailnpi-'/2XXYijlnPilnpj

(16)

where Yij = '/2(Yy =Yji)

The term

- Lttjlnpi- '^^^Yij^nPi J"Pj is the price index or price deflator

composed of all prices and in simplifying notation is denoted as P. The AIDS
demand function in budget share notation is expressed as:
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Wi = tt;+LYijInPj +Pi ln(M,P)

(17)

where a;, Yy, Pi are parameters to be estimated.
Equation(9)is linear in estimation except for the price delator P. Deaton and
Muellbauer suggest that an approximate for P,P*, can be used to derive a linear

approximate AIDS model. They suggest Stone's index as the approximate.
Stone's index is given by the equation:
In P* =

and will be utilized when modeling the Japanese demand for U.S. citrus.
Deaton and Muellbauer found that the introduction of Stone's index to

approximate P did not affect their results, and that the use of Stone's Index is
desirable when prices are collinear. The literature on AIDS readily accepts the use
ofthe Stone's Index in order to ease estimation (Winters, 1984; Segerson and
Mount, 1985; Blanciforti and Green, 1983).

The AIDS model has been applied to model consumer demand (Blanciforti and

Green, 1983), and in modeling trade allocation (Winters, 1984). The model's

popularity involves its ease in estimation and its intuitive appeal in regards to
economic theory.

The properties of demand functions based on economic theory can be tested in
the model. Basically, theoretically sound demand functions satisfy the conditions

of adding-up (Engel aggregation and Coumot aggregation), are homogenous in

prices and expenditures of degree zero, and satisfy the Slutsky symmetry matrix
(Johnson, Hassan and Green, 1984). The adding-up condition is automatically
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satisfied by the budget shares(wj)summing to one. The adding up requirement
can be denoted by the following conditions:

I<^=iEy,=o EPi=o

0')

Homogeneity requires that:

Ey,-0

(20)

Symmetry requires that:

Yij=Yji

(21)

Ifthe homogeneity and symmetry restrictions are not explicitly imposed on the
model, then AIDS can still provide a first-order approximation. Maximizing
behavior is not assumed, but rather demands are continuous functions ofthe

budget shares(wjare then unknown functions ofIn p and In m (Deaton and
Muellbauer, 1980a).
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METHODOLOGY

The study considers the application ofthe AIDS model to Japan import demand
for fresh grapefruit, oranges and other citrus. A two-stage budgeting process is
used in which, first, the Japan allocates total expense ofimports among all

imported products and then allocates this expense, within each fresh citrus group

of products. These estimated demand relationships in the second step are called
"conditional" because they depend on the level of expenditures allocated to total
fresh oranges, grapefhiits, and other imports in Japanese market.

The application of AIDS to an allocation model is based on group expenditure
functions in the two-stage budgeting procedure. It is legitimate to express the
demand for fresh citrus in terms of expenditures on its group and the within group

prices when the marginal rate of substitution between sources offresh citrus is
independent ofthe quantities consumed ofgoods in other groups(Winters, 1984).
Another concern in applying AIDS is the price index, P*,from the AIDS

demand equation. P* is a single price index composed ofthe individual prices of
fresh citrus which determines (along with expenditures and other prices) the

overall expenditures on fresh citrus. The implication ofP* is that the total
allocation offresh citrus is independent ofindividual prices (Winters, 1984).

Again, this does not appear to be restrictive for fresh citrus since it is plausible to
assume that producers know how much fresh citrus they require and allocate

expenditures over the sources offresh citrus with the desirable properties. The
budget share equation from source I using the AIDS formulation is given by;
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W; = «;+ S Yijlnpj+Piln(M/P)

1,.. n

(22)

As discussed earlier in the theory section, the aggregate price deflator, P, can be

approximated by Stone's index:
InP* = S Wk*lnpk

(23)

The intercept term ai will be estimated as a function oftime trend or
conditioning variables:
1=1,..., n

(24)

The use oftime trend variables to estimate the intercept was first suggested by
Deaton and Muellbauer. They found that in their original model the homogeneity

and symmetry conditions were rejected suggesting that variables other then prices
and expenditures explain budget shares(Deaton and Muellbauer, 1980a).
Blanciforti and Gireen added dynamic elements into the AIDS formulation through

a lagged consumption intercept (the dependent variable), 1.3., the previous year's

quantity demanded for good I. Their results showed that this "habit" scheme
explained much ofthe autocorrelation found in Deaton and Muellbauer's original
results.

Uncompensated price elasticities for the ADDS model are given by:

eij = Wj-'[Yij- Pi(c£i+ SYdlnPr)]" Sy

(25)

where 6^ is the kroneclcer delta
The compensated price elasticities are defined by:

Cij= Yi/wi -6ij+ Wj[pi/Wi+1]

(26)

and income elasticities are denoted by:

43

6;= 1 +P/Wi

(27)

The time trend variables affect the magnitude but not the sign ofthe elasticity
estimates. This is accomplished through their influence on the budget shares

(Wi's). The adding up requirement specified in the theory section stated that the
intercept term must sum to zero. This can be respecified here so that adding-up

now requires Spij= 0, and Spa,,= 1.

(28)

Data and Estimation Considerations

The AIDS demand function is estimated using Seemingly Unrelated Regression

(SUR)since the error terms are likely to be correlated. The variance - covariance
matrix for a complete system of equations is singular(due toSwj =1), and the
usual procedure to render the variance - covariance matrix nonsingular is to delete
one ofthe equations. The SUR estimate ofthe parameters is asymptotically

equivalent to maximum likelihood, so the estimation made by SUR is invariant
with respect to the equation deleted (Kmenta, 1986).
United States annual citrus exports data was obtained from the Florida

Department of Citrus(1991 - 1996). This data source classifies exports based on
the volume and FOB value information on exports to Japan. Data consisted of

orange juice, grapefruit juice, other citrus juice (includes lemon juice and citrus
juice), fresh oranges, grapefruit, tangerines, other fresh citrus (includes temples,
lemons, limes, and citrus fruits).

44

CHAPTER V

ESTIMATION OF JAPANESE IMPORT DEMAND FOR FRESH CITRUS

Fresh grapefruit prices increased in January, February, and March. A steady
decrease in August, September, and October. Price for fresh oranges steadily
increased in April, May, and June. There seemed a steady decrease in September,
October, and November. Prices for other fresh citrus increased in August,

September, and October while decreased in February, March, and April. Japanese
consumers seemed to spend more on fresh grapefhiit, followed by fresh oranges
and other.

There is an argument in which as quantity demanded for fresh grapefruit
decrease, fresh orange increase and as quantity demanded for fresh oranges
decrease, other fresh increased.
Estimation ofthe Japanese demand for U.S. fresh citrus was accomplished

using seemingly unrelated regression (SUR). This technique was applied to the
model described in chapter 4. The model estimated aggregate import demand for
fresh citrus using the budget share equations of(1)fresh orange,(2)fresh

grapefhiit, and (3) other fresh citrus.

RESULTS

The model was first estimated without imposing the restrictions of

homogeneity and symmetry. In addition to the price, and expenditure variables

discussed in chapter 4, a winter dummy variable was included to account for the
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changes in the winter season. Table *' defines each ofthe variables in the models.
The parameter estimates, standard errors, t - values and Durbin Watson
statistics for the model 1 are given in table 2. The budget share equation estimated

for fresh oranges, produced the expenditure of share offresh citrus, total

expenditure share of citrus juices, and the winter dummy to be statistically
significant different fi-om zero at a = .10 level, with negative parameter estimates.
The budget share equations estimated for fresh grapefhiit and other fresh citrus

produced the same statistical significant variables as the fresh oranges equation,
with the exception ofthe expenditure share offresh citrus and winter dummy with

positive parameter estimates and total expenditure share of citrus juices with a
negative parameter estimate. On the other hand,for the other fresh citrus
equation the winter dummy and total expenditure share of citrus juices with
positive parameter estimates while the expenditure share offresh citrus with a
negative parameter estimate.

In its present form, the estimation of model 1 is inconsistent with demand

theory. Demand functions are required to possess the properties of homogeneity,

symmetry, and negativity. Negativity cannot be imposed on the AIDS model, but
the negativity conditions are satisfied if the matrix C, defined by.

Cy= Tij+ PiPjl0g(x/p) - W;6ij+ WjWj

(29)

where 6 is the kxonecker delta is negative semidefinite. Although the negativity

condition cannot be imposed, the homogeneity and symmetry conditions can be
All tables maybe found in the appendix.
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both imposed and tested in the AIDS model. Therefore, to derive a more

theoretically consistent model, the model was re estimated imposing homogeneity,
the results of model 2 are presented in table 3. The budget share equation

estimated for fresh oranges produced total expenditure share offresh citrus and

citrus juices as well as the winter dummy variable to be statistically significant
different from zero at the a =.10 level. The parameter estimates for the total

expenditure share offresh citrus and winter dummy were negative, while positive
for total expenditure share of citrus juice. The budget share equation estimated for
fresh grapefixiit produced the same statistical significant variables with opposite

parameter estimate signs. The budget share equation estimated for other fresh
citrus produced all variables to be statistically significant. The price for fresh

oranges, grapefinits and total expenditure share offresh citrus generated negative

parameter estimates, while price for other fresh citrus, total expenditure share of
fresh citrus, and winter dummy produced positive parameter estimates.
Model 3 was estimated with symmetry only being imposed, the results are

presented in table 4. The budget share equation estimated for fresh oranges

produced the total expenditure share offresh citrus and citrus juices, as well as the
winter dummy variable to be statistically significant different from zero at a =.10
level.. The winter dummy variable with a negative parameter estimate while the

expenditure share offresh citrus and citrus juices with a positive parameter
estimate. The budget share equation estimated for fresh grapefhiits produced the

price offresh grapefruits, total expenditure offresh citrus and citrus juices, as well
47

as the winter dummy as statistically significant variables. The total expenditure
share offresh citrus with a negative parameter estimate and the other two with

positive parameter estimates . The budget share equation estimated for other fresh
citrus generated statistical significant variables for the price offresh oranges, price
of other fresh citrus, total expenditure share for fresh citrus and citrus juices, as

well as the winter dummy. The price offresh oranges and total expenditure share

offresh citrus generated negative parameter estimates while the other positive.
Model 4 was estimated with both homogeneity and symmetry conditions

imposed on the model. Results of this estimation is presented in table 5 along
with the sum squared SSE and R-square. Also the elasticities associated with
estimated import demand for fresh citrus is presented in table 6.

Import price elascities estimated from (1991- 1996)for the most suggests U.S.
exports to Japan are gnerally price inelastic. This means, for example, that if prices
for fresh oranges, fresh grapefruit, and other fresh citrus were to rise by 1%,

export volume to Japan is expected to fall by 0.70, 0.64 and 0.72% respectively all
other things unchanged. The elasticity estimates appear to be consistent with the
notion that the Japanese import market is primarily a quality and a reliable supplyconscious market and therefore not price sensitive, at least at the importer level. If

import prices were to rise, say in response to a short crop, Japanese import
demand would drop only marginally once the market is accustomed to purchasing
the products.

Expenditure elasticites estimated suggest that U.S. exports offresh grapefiiiit,
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fresh oranges and other fresh citrus to be inelastic at 1.669, 0.886, and 0.3361

respectively, and statistically significant different from zero at a = .10 level.
The cross price elasticities estimates for fresh oranges and other fresh citrus
were estimated to be complements and statistically significant different from zero
at a = .10 level, while fresh grapefhiit as a substitute, statistically insignificant
different from zero at a = .10 level. Fresh grapefhiits cross price elasticities are

complements for other fresh citrus and statistically significant for fresh oranges as
an complement. The estimate cross price for other fresh citrus are complements to
fresh grapefhiits and substitutes for fresh oranges, both statistically significant
different from zero at a = .10 level. The cross price estimates indicates that a 1%

increase in the import price for fresh oranges would increase the imports offresh

grapefhiits by 0.06% and decrease other fresh by 0.22%. On the other hand, a 1%
increase in the import price offresh grapefruit would decrease the imports offresh

oranges and other fresh citrus by 0.63 and 0.12% respectively. A 1% increase in

the import price of othe fresh citrus would decrease the imports offresh grapefhiit
0.29% and increaese the imports offresh oranges by 0.04%.

The results ofthe restricted estimation produced more significant variables than
the unrestricted estimation. This result could be due to the restrictions limiting the

effects of multicollinearity. The Durbin - Watson statistics showed all positive
autocorrelation in the fresh citrus equations. The presence of autocorrelation

suggests that an important explanatoiy variable has been left out ofthe estimation.
Although the presence of autocorrelation was detected, tests on the Durbin49

Watson statistics autocorrelation was not detected for eveiy equation, so that
autocorrelation cannot be statistically rejected or accepted.

Deaton and Muellbauer found that the imposition of homogeneity led to the

introduction of positive autocorrelation (1980a, 1980b). Their explanation ofthis
concluded that the price variables were biased through the deletion oftime trend or

lagged dependent variables. Table 7 presents the Durbin-Watson statistics. The
table lists the statistics for both the restricted and unrestricted models and, in

addition, lists the statistics when homogeneity is imposed without the simultaneous

imposition ofsymmetry. The introduction ofthe theoretical restrictions does not
appear to appreciably affect the level of autocorrelation already present in the
model. This implies that any omitted variables are probably equation specific
variables. That is, a variable which affects fresh orange, for example, but has no
effect on any other equation.

The objective in the AIDS model is to estimate the budget share level, and this
is not the same as estimating quantity demanded. Therefore, the results produced

by the AIDS model seem to have plausible signs with respect to the price variables.
The Pi (lexp2 Stone variable) coefficients reflect changes in real expenditures
and are typically positive for luxuries and negative for necessities. However, this

comparison is unwarranted in derived demand. The positive Pi coefficients reflect
the commodities which grow (decline) more rapidly than a proportional increase

(decrease)in real expenditures refers to fresh grapefruit. The negative pi
coefficients reflect the commodities which grow (decline) less rapidly than a
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proportional increase (decrease) in real expenditures and refers to the fresh orange
and other citrus. In which all Pj coefficients were statistically significant in each
equation.

Model 5 has been restricted so that it prossed the properties of homogeneity

and symmetry, and these restrictions were testable. The test for homogeneity
involves testing each equation using F-tests to determine the validity ofthe
restriction. The test is normally accomplished without considering the imposition

ofsymmetry. Table 8 lists the results ofthe F-tests, both with and without

symmetry restriction for comparison purposes. The hypothesis for the test is as
follows:

Ho: S^ij =0,for each j
Ha: The above statement is not true, for each j.

In every equation, the tests for homogeneity fail to reject the hypothesis of
homogeneity except fresh orange equation. The F- values were low enough to
indicate that there is little difference between the error terms ofthe restricted and

unrestricted models. This justifies the use of model restricted to possess the

homogeneity property. The simultaneous imposition of symmetry does not appear
to overwhelmingly affect the test results, although it does affect the fresh orange

equation to the greatest extent. This result may be due to the fact that the quantity
offresh oranges exported to Japan are restricted due to the U.S. - Japan Beef and
Citrus Agreement.

The acceptance of homogeneity has generally been a rare occurrence in
51

economics. Laitinen(1978) and Bera, Byron, and Jarque(1981)found rejections

of homogeneity to be particularly prevalent among large demand systems with
relative few observations. The acceptance of homogeneity was found to be more

likely as the number of equations decreased. As the number of equations increase,
the tests for homogeneity become increasingly biased. Deaton and Muellbauer

(1980a, 1980b)rejected the homogeneity condition in their original results using
the ADDS model, and explained the rejection as due to the introduction of
autocorrelation and the lack oftrend variables in the model. The studies upon
which much ofthis work is based comes from demand systems estimation with

broad aggregate commodities groups. These broad commodity definitions may
play a role in the rejection oftheoretical constraints.

Symmetry is tested for the model as a whole rather than equation by equation.
To accomplish this test, the ratioX ofthe log-likelihood values ofthe restricted and
unrestricted models is calculated in table 9 to determine the validity ofthe

restriction. The likelihood ratio is equal to the ratio ofthe maximum value ofthe
likelihood function for the restricted model and the maximum value ofthe

likelihood function for the unrestricted model. Errors are assumed to be normally

distributed, and the test statistic used is -21nA , with degrees offreedom equal to
the number of restrictions. The test considers the validity of homogeneity and

symmetry jointly, and the hypothesis tested is:

Ho;Yij = Yji for

I,j, I''j and S Yij =0 for all I

Ha: at least one ofthe above statements is not true symmetry, like homogeneity, is
52

often found to be rejected, and is generally rejected both without the homogeneity

condition imposed and given homogeneity. The test for maximum value ofthe
likelihood fail to reject the hypothesis. Restricted maximum value ofthe likelihood
= 154.134. The unrestricted maximum value ofthe likelihood = 55. The test

statistic = 198.268 with degrees offreedom = 3. The critical value a = .01 ,
11.345. Conclude at least one statement is not true.

Another theoretical concern involves negativity and the concavity ofthe

fimction. Deaton and Muellbauer calculated the Sjj matrix of equation(5)and then

derived a K matrix ofK^j = pjP; Sj/x. This matrix was evaluated each year and its
eigen values were calculated. They found that in addition to the rejection of
homogeneity and symmetry, negativity and concavity ofthe function was to be
rejected.

With respect to Japanese import demand for U.S. fresh citrus, negativity and
concavity were not examined and therefore it is not known as to whether or not
these conditions hold. The model does, however, show a considerable amount of

promise for a theoretically consistent model offresh citrus import demand. The
desirability of a function which is generally concave, homogeneous and symmetric
would be extremely valuable in policy analysis.
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CHAPTER VI
CONCLUSION

Japan is the largest and one ofthe most stable overseas markets for U.S. farm
products. In 1984,for the first time, the Japanese market surpassed even the 10county market of European Community. Nevertheless, there have been serious
fnctions between the United States and Japan on agricultural trade issues, the most

prominent of which have related to beef and citrus. The growth ofU.S. beef and
citrus exports to Japan in recent years reinforces the beliefthat export

opportunities would be even greater with further liberalization of Japan's market.
The long term potential ofthe Japanese market after liberalization would depend
on population gro\vth, economic variables, as well as market development and
promotional efforts.

Unlike beef, Japanese consumption of citrus is already at a relatively high level.

The Japanese are avid consumers ofthe domestically produced mandarin, mainly
fresh and to a much lesser extent in processed forms. Japan consumes more citrus

(fresh and processed) per capita than Hong Kong, Singapore, and Europe, but less
than the United States and Canada.

This study examines the demand for fresh citrus in the Japan market by

focusing on U.S. exports offresh citrus. The procedure involves estimating

aggregate demand for fresh citrus in Japan. The question posed is what can U.S.

producers stand to gain in the international market from price changes occurring
due to trade liberalizations, import quotas and tariffs.
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There were four objectives in the study. The first objective was to produce a
model which can estimate the import demand of the U.S. fresh citrus industry for

Japan. This objective was accomplished by selecting the Almost Ideal Demand
System(AIDS)ofDeaton and Muellbauer (1980). This model was selected due to
its intuitive appeal in regard to economic theory. The restrictions ofeconomic

theory are readily imposed and testable in the model, and the model itself has the
capability of providing a first-order approximation to any demand system without
imposing any a priori restrictions on the degree of substitution between the
commodities in the system.

The second objective involved testing the nature offresh citrus demand with

respect to economic theory. Demand functions are required to possess the

properties of homogeneity and symmetry, and these two properties are readily
testable in the AIDS model.

The third objective in the study as to compute elasticities ofthe various citrus

types based on the estimation derived. Own-price and cross-price elasticities can
be calculated from the parameters obtained in the estimation. Elasticities were
estimated for aggregate fresh citrus types in which the U.S.export to Japan.
The fourth objective ofthe study was to examine both Japan aggregate
demand for fresh citrus, and the composition of Japan imports for structural

changes. This was accomplish through examination ofthe parameter estimates
generated in the estimation.
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Thus, there was one basic model that was estimated utilizing 1991-1996 data.
The model was examined in order to(1)estimate the nature of Japan demand for

U.S. fresh citrus according to the restrictions of economic theory, (2) derive own

and cross-price elasticities, and (3)examine possible structural changes occurring
during the study period.

The Almost Ideal Demand System ofDeaton and Muellbauer(1980a, 1980b)
was utilized to model the import demand for fresh citrus in Japan. The model has

the capability ofimposing and testing the theoretical restrictions of homogeneity
and symmetry with only linear constraints on the parameters. The approach used
in this study was to specify a model that provided a complete picture ofthe nature

of import demand for fresh citrus and the price linkages occurring within the
market. The model estimated import demand for fresh citrus utilizing three budget

share equations. The budget share equations estimated were(1)fresh orange(2)
fresh grapefhiit(3)fresh other. The model encompasses variables which were

hypothesized to influence the demand for fresh citrus. The model was estimated as
a system of budget share equations as given in the AIDS model specification. The
homogeneity and symmetry restriction was imposed and statistical tested.
A 1978 study by Ward and Tang estimated demands for U.S. fresh grapfhiits in

Canada, Japan, and the aggregate ofthe European Economic Community. Their
model inlcuded imports of U.S. fresh grapefruits per quarter as the dependent

variable, and FOB price in the United States, per capita GNP ofthe importing

country, seasonal dummies, and time trend as exogenous variables. Estimated
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own-price elasticity for the Japanese demand was -3.57 while the income elasticity
was estimated to be 9.39. The income elasticity estimated in this study for fresh

grapefruit in Japan was 1.669, own price elasticity -0.6447. Because fixed
exchange rates were generally in effect before 1974, Ward and Tang did not
include this variable in their analysis. To examine the influence of exhange rates on

import demands for U.S. grapefruits. Lee and Fairchild (1988)contrasted import
demand equations that include the U.S. FOB price in U.S. dollars with estimates
that include the U.S. FOB price in the currency ofthe importing coutry. They

showed that the associated price elasticities differ sustantially, and they argued the

need to incorporate the influence of exchange rates on import demand. The

estimated own price for fresh grapefhiits in Japan was -0.47, which is closely
related to this study estimate
of (-0.6447).

More recently Aviphant, Lee, and Seale(1990)examined U.S. citrus demands

in Japan by using the absolute version ofthe Rotterdam model. They found a one

percent increase in fresh grapefhiits import price (Japanese currency) would
decrease imports of all fresh grapefhiits 1.42%. This study found a 1% increase

in fresh grapefruits impoh price would decrease imports of all fresh grapefhiits
0.47%. Finally, Japan's expenditure elasticity for fresh grapefhiits was estimated
to be 0.85. This study Japan's expendtiture elasticity for fresh grapefhiits were
estimated to be 1.70.

The results from this study indicate that in the future if Japan is going to import
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more fresh citrus(in terms of per capita imports) the growth would come from the
increased imports offresh grapefruits and fresh oranges. The growth in the

imports of other fresh citrus would be at a slower pace than fresh grapefruits and
fresh oranges. Thus, the 1988 trade agreement between the U.S. and Japanese

government should benefit U.S. citrus exports, but this does not impy that U.S.
fresh citrus exporters will be able to gain market shares from its competitors.

The implications ofthis research provide some insight into the nature ofthe

import demand for fresh citrus in Japan. The homogeneous model has been
accepted and additional research needs to focus on the other properties of demand
functions. The research suggests that the AIDS model has considerable promise in
the estimation of demand for fresh citrus. The model could potentially be

improved by increasing the number of observations, improving the data source to
account for substitution affects, and investigating into more accurate trend
determinants for U.S. fresh citrus exports to Japan.
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Table 1. Variable Names and Definitions for Model 1.
DEFINITION

VARIABLE

LPFO

log ofthe price per ton offi"esh oranges

LPFG

log ofthe price per ton offresh grapefhiit

LPFC

log ofthe price per ton offi'esh other

TOTEXPl

total expenditure of citrus juice

WD

winter dummy

LEXP2

log ofthe ratio total expenditures /Stone's
Index
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Table 2. Parameter Estimates, Standard errors, T-values, and Durbin-Watson
Statistics for the Unrestricted Estimation of Model 1.
VARIABLE

PARAMETER

STANDARD

ESTIMATE

ERROR

TVALUE

EQUATION 1: FRESH ORANGE
.5264

LPFO

.0130

.0853

LPFG

-.3799

.1622

-2.3421

-.1081

.0748

-1.4443

-.0583*

.0383

-1.5207

.0251*
-.0730*

.0078

3.1861

.0421

-1.7335

.6876

.1775

3.8726

LPFC
LEXP2
TOTEXPl
WD

CONSTANT

DURBIN-WATSON 1.8469

EQUATION 2: FRESH GRAPEFRUIT
.2631

LPFO

-.0221

.0841

LPFG

.4012

.1599

2.5082

-.1771

.0738

-2.4002

.2662*

.0378

7.0381

TOTEXPl

.0269*

.0077

3.4671

WD

.0669*

.0415

1.6112

.1750

-.8700

LPFC
LEXP2

CONSTANT

-.1523

DURBIN WATSON 1.8781

EQUATION 3: OTHER FRESH CITRUS
-2.4733

LPFO

-.1081*

.0437

LPFG

-.0212

.0831

.2551

.2853*
-.2079*

.0383

7.4391

.0196

-9.5770

.0018*

.0040

.4530

LPFC
LEXP2

TOTEXPl
WD

.0061*

.0215

.2829

CONSTANT

.4646

.0909

5.1091

DURBIN WATSON 1.6169

* Significant at the 10 percent level
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Table 2. Parameter Estimates, Standard errors, T-values, and Durbin-Watson
Statistics for Model 3 Imposing Homogeneity Only.
VARIABLE

PARAMETER

STANDARD

ESTIMATE

ERROR

TVALUE

EQUATION 1: FRESH ORANGE
LPFO
.0689
LPFG
-.0039
LPFC
-.0648
LEXP2
.0306*
TOTEXPl
.0243*
WD
-.0969*
CONSTANT
.2963
DURBIN-WATSON 1.7331

.0824

.8368

.0826

-.0483

.0732

-.8870

.0370

-.8278

.0078

3.0882

.0412

-2.3487

.1021

2.9008

EQUATION 2: FRESH GRAPEFRUIT
LPFO

.0124

LPFG
.1890
LPFC
-.2015
LEXP2
.2506*
TOTEXPl
.0265*
WD
.0804*
CONSTANT
.0684
DURBIN-WATSON 1.7742

.0783

.1589

.0786

2.4038

.0696

-2.8920

.0352

7.1160

.0075

-3.5340

.0392

2.0488

.0971

.7044

EQUATION 3; OTHER FRESH CITRUS
LPFO
-.0814*
LPFG
-.1850*
LPFC
.2665*
LEXP2
-.2199*
TOTEXPl
.0021*
WD
.0165*
CONSTANT .0635
DURBIN-WATSON 1.7218

.0416

1.9569

.0417

-4.4325

.0369

7.2046

.0186

-9.7650

.0039

.5404

.0208

.7926

.0515

9.3140

* Significant at the 10 percent level
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Table 4. Paiameter Estimates, Standard errors, T-values, and Durbin-Watson
Statistics for Model 4 Imposing Symmetry Only.
VARIABLE

PARAMETER

STANDARD

ESTIMATE

ERROR

T VALUE

EQUATION 1; FRESH ORANGE
.8368

LPFO

.1117

.0842

LPFG

-.0342

.0823

.0416

LPFC

-.1603

.0711

-2.2527

LEXP2

-.0509*

.0378

-1.3448

.0241*

.0078

3.0918

-.1006*

.0402

-2.4993

.4581

.1501

3.0516

TOTEXPl
WD

CONSTANT

DURBIN-WATSON 1.6595

EQUATION 2: FRESH GRAPEFRUIT
LPFO

-.0342

.0823

.4162
1.1666

LPFG

-.1340*

.1149

LPFC

-.1210

.0687

1.7596

.2605*

.0370

-7.0397

-.0265*

.0076

3.4786

LEXP2
TOTEXPl
WD

.0891*

.0397

2.2440

CONSTANT

.0333

.1547

.2155

DURBIN-WATSON 1.6907

EQUATION 3: OTHER FRESH CITRUS
LPFO

LPFG

LPFC
LEXP2

-.1081*

.0377

2.8635

-.0212

.0753

.2814

.2853*

.0363

7.8417

-.2079*

.0186

9.1710

TOTEXPl

.0018*

.0038

.4793

WD

.0061*

.0204

.2993

CONSTANT

.4646

.0862

5.3880

DURBIN-WATSON 1.6169

* Significant at the 10 percent level
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Table 5. Parameter Estimates, Standard erros, T-values, Durbin -Watson Statistics,

and Sum of Weighted SSE and R- Squares for the Restricted Version of Model 5.
VARIABLE

PARAMETER

STANDARD

ESTIMATE

ERROR

T-VALUE

EQUATION 1: FRESH ORANGE
.0729

.0802

.9080

LPFG

.0051

.0702

.0734

LPFC

-.0780*
-.0328*

.0383

-2.0343

.0243*

.0078

3.0811

LPFO

LEXP2

TOTEXPl

.0355

.9229

WD

-.0098*

.0406

-2.4173

CONSTANT

.3074

.0872

3.5235

DURBIN WATSON 1.7184
SSE = .9573

R-SQUARE = .2921

EQUATION 2: FRESH GRAPEFRUIT
LPFO

.0051

.0702

.0734

LPFG

.1839

.0748

2.4584

LPFC

-.1891*

.0369

-5.1190

LEXP2

.2523*

.0342

7.3707

TOTEXPl

-.0265*

.0075

-3.5328

WD

.0815*

.0389

2.0958

CONSTANT

.0596

.0876

.6805

DURBIN WATSON 1.7664
SSE= .8659

R - SQUARE =.5570
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xauic J

VARIABLE

PARAMETER

STANDARD

ESTIMATE

ERROR

T-VALUE

EQUATION 3: OTHER FRESH CITRUS
LPFO

-.0780*

.0383

-2.0343
-5.1190

LPFG

-.1891*

.0369

LPFC

.2672*

.0368

7.2525

-.2195*
.0022*

.0185

-9.8120

.0039

.5607

WD

.0168*

.0207

.8111

CONSTANT

.6328

.0535

9.5670

LEXP2

TOTEXPl

DURBIN WATSON 1.7200
SSE =.2439

R-SQUARE = .8534
* Significant at the 10 percent level
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Table 6. Elasticities Associated With Estimated Import Demand For U.S. Fresh
Citrus.

Q/P

FRESH

FRESH

OTHER

ORANGE

GRAPEFRUIT

FRESH

1.6690

0.3361

-0.6447

-0.7210

-0.1188

0.0429

EXPENDITURE 0.8860
OWN PRICE

-0.7075

CROSS SHFO
CROSS SHFG

0.0605

CROSS SHFC

-0.2243

-0.2930
-0.6339

Table 7. Durbin -Watson Statistics.

Equation

Unrestricted
Model

Homogeneity
Only

Homogeneity &
Symmetry

Fresh Orange

1.8469

1.7333

1.6907

Fresh Grapefruit

1.8781

1.7742

1.6907

Other Fresh Citrus

1.6169

1.7218

1.6169
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Table 8. F - Test Statistics for the Homogeneity Restriction.
EQUATION

F-VALUE

CRITICAL

F-VALUE CRITICAL
VALUE a =.10

VALUE a =10
DF numerator = 1

DF numerator = 1

DF denominator = 63

DF denominator = 63

UNRESTRICTED

WITH SYMMETRY

Fresh Orange

7.246

7.0771

8.253

7.0771

Fresh Grapefhiit

5.245

7.0771

5.873

7.0771

Other Fresh Citrus 2.373

7.0771

0.526

7.0771

Table 9. Maximum Value ofthe Likelihood Test
Restricted Maximum

Restricted Maximum

Value ofLikelihood = 154

Value ofLikelihood = 55

Test Statistic = 198.268

DF = 3

Critical Value a = .01; 11.345
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